Abstract The present study reports the outcomes of assessment on acrylamide levels in selected heat-treated foods of diverse brands and origins from Saudi Arabia. In chips, acrylamide level was detected from 28 to 954 lg/kg, sample 7 (salted) contained higher amount (954 lg/kg) whereas, sample 8 (labneh and mint) comparatively produced lower amount (28 lg/kg). Nuts and dried fruits have generated acrylamide from 2 to 93 lg/kg, salted peanut of Indian origin produced higher amount (93 lg/kg) while apricot (plain) relatively generated lower amount (2 lg/ kg). The levels of acrylamide in biscuits, pastry, cacao, chocolate, olive, cheese, corn, oat and wheat flakes, and bread were found from 26 to 234 lg/kg. Biscuits generated high concentration (234 lg/kg) while corn flakes fairly generated lower amount (26 lg/kg). The obtained results have shown a great variation of acrylamide content and reason might be due to foods type, cooking ingredients and, cooking methods, time and temperature.
Introduction
Since 1950s, the acrylamide has been used in various industries for instance cosmetic, textile, water treatment, oil, paper, dye and plastic [1, 2] . In April 2002, the Swedish National Food Administration and the University of Stockholm have announced that the acrylamide is generated in a huge number of carbohydrate rich foods for instance French fries, potato chips and cereals when cooked at or higher than 120°C cooking temperature [3] . Later on, the Swedish obtained results were authenticated in a number of other European countries and in the United States of America. At that time, the obtained acrylamide concentrations were significantly superior to the concentrations suggested by the World Health Organization (WHO) [4] .
Acrylamide is known to be a thermally processed food toxicant, the major pathway for acrylamide occurrence in foods is the Maillard reaction (a non-enzymatic reaction that provides food its color and aroma during roasting, frying and baking) between amino acid (asparagines) and reducing sugars (glucose and fructose) at high cooking temperature [5, 6] . A number of toxicological investigations have revealed the acrylamide genotoxic carcinogenicity in investigational animals [7, 8] . Based on acrylamide carcinogenicity in experimental animals, the International Agency for Research on Cancer (IARC) and the Environmental Protection Agency (EPA) have considered and categorized as a probable human carcinogen [1, 9, 10] . Lately, the European Food Safety Agency (EFSA) has stated that the heat-treated carbohydrate rich foods for instance potato chips, French fries, cookies, crackers, breakfast cereals and toasted bread are the major source of acrylamide which supplied more than 90% ingestion through our foods [11, 12] . The Food and Agriculture Organization (FAO) and WHO have affirmed that the amounts of acrylamide in food products create a most important disquiet and that further study is required to find out the threat of nutritional acrylamide exposure [13] . As compared with other food products, the potato chips and French fries were found to comprise high amounts of acrylamide and in some cases the concentrations reached between 4500 and 12000 lg/kg [14, 15] . The other food products like biscuits, cereal, crackers, nuts and dried fruits contained low amounts of acrylamide and the levels reached up to 3200 lg/kg [16] . So far, numerous information regarding acrylamide occurrence in foods have been accomplished and incorporated in the Food Drug Administration (FDA) [17] . Saudi Arabia is the biggest and an emergent marketplace for high value food products in the Gulf States and relies on foreign dealers to satisfy nearly 80% of its food consumption requirements [18] . Owing to changing way of life and diets in young populations are associated with the consumption of higher quantities of fast foods together with potato chips, French fries, nuts, dried fruits, biscuits, pastry, cacao, chocolate, olive, cheese, corn, oat and wheat flakes, and bread which usually supplies to higher levels of acrylamide intake [19, 20] . Such types of heat-treated foods are frequently present in the Saudi Arabian diets.
Due to low levels of acrylamide in cooked food products, it is greatly challenging for researchers to assess acrylamide in highly matrix foods. Thus, an accurate extraction procedure is needed to efficiently determine the acrylamide levels present in cooked foods. Until now, various extraction techniques have been optimized which involve several clean-up steps, for instance pressurized liquid extraction [21] , solid-phase extraction (SPE) [22, 23] , and liquid-liquid extraction [24] . In the recent years, a standard method based on SPE has been broadly used [23] , and for the elimination of a highly complex matrix, the SPE technique is recognized to be one of the most proficient methods. Relating to the chromatographic separation techniques, primarily liquid chromatographymass spectrometry (LCMS) technique is presently applied [21] [22] [23] for the analysis of acrylamide in foods. This method offers both quantitative and qualitative results, and acrylamide separation can be obtained within 5 min. Most recently, an innovative technique based on ultra-performance liquid chromatography/mass spectrometry (UPLC-MS/MS) has been developed, and has advantages over conventional techniques, i.e., fast analysis (\ 1 min) with greater sensitivity, high resolution and lower solvent consumption [25] .
In order to make the risk estimation and to assist the consumer selection for the healthy foods in their everyday life, it is highly essential to monitor the presence of acrylamide in Saudi Arabian foods. Therefore, in the present study, the presence of acrylamide in various Saudi Arabian food products has been studied using SPE and UPLC-MS/ MS [23, 25] . The obtained results from the present study will enhance the awareness about acrylamide toxicant in the Saudi populations including worldwide population; in addition it can be employ to estimate the intake of acrylamide toxicant from such kind of food products.
Materials and methods

Materials
Acrylamide (assay C 99.8%), acrylamide-2,3,3-D 3 (AA-D 3 , isotopic purity 98%), zinc acetate dihydrate (assay C 98%) and potassium hexacyanoferrate (assay C 99%) were supplied from Sigma-Aldrich (Steinheim, Germany). HPLC-grade methanol and acetonitrile were obtained from Merck (Darmstadt, Germany). For the purification of water, a Milli-Q water purification system, model advantage A10 from Millipore Corporation (Bedford, USA) was used. Acrylamide stock solutions (10 lg/mL) and AA-D 3 (10 lg/mL) were prepared with Milli-Q water. To obtain a sequence standard solution, the stocks solutions were diluted with Milli-Q water. About the linearity of the method, the calibration curve at different concentrations (8-2000 lg/L) was constructed. All solutions were stored at ? 4°C until analysis. To obtain the Carrez I and II solutions, zinc acetate dihydrate (24 g ) and potassium hexacyanoferrate (10.6 g) were separately dissolved in Milli-Q water (100 mL).
For the extraction of acrylamide from food samples, the SPE column Isolute Ò ENV? (200 mg, 3 mL) was purchased from Biotage (Uppsala, Sweden) and strata TM -X-C polymeric strong cation (200 mg, 6 mL) was supplied from Phenomenex (Torrance, USA). For the sample filtration, polytetrafluoroethylene (PTFE) syringe filters of pore size 0.45 lm were obtained from Macherey-Nagel (Düren, Germany) and nitrocellulose membrane pore size 0.45 lm was obtained from Sigma-Aldrich (Steinheim, Germany).
Microtron Ò MB800 (Kinematica AG, Littau, Switzerland), ultra-turrax T25 digital (IKA Ò -WERKE Gmbh, Staufen, Germany) and stardust coffee grinder, model CML-1000MKII (Osaka, Japan) were used for the blending and homogenization of food samples. The vacuum manifolds, Visiprep TM and Visidry TM (Supelco, Gland, Switzerland) were applied for SPE and solvent evaporation uses, respectively.
Sample preparation
Heat-treated foods (potato chips, French fries, nuts, dried fruits, biscuits, pastry, cacao, chocolate, olive, bread, cheese and, corn, oat and wheat flakes) were obtained from local superstores (Riyadh, Saudi Arabia). The foods were mixed and homogenized using various equipments (Microtron Ò MB800, coffee grinder and ultra-turrax T25 digital). The fibrous foods material greater than 250 lm in size were divided, ground and sieved at 250 lm. Finally, the sieved food materials were thoroughly homogenized followed by bottling and labeling. The food samples were refrigerated at -30°C until analysis.
Sample extraction
For the acrylamide contents, various heat-treated foods including potato chips, French fries, nuts, dried fruits, biscuits, pastry, cacao, chocolate, olive, bread, cheese and, corn, oat and wheat flakes were studied using previously developed SPE method [22, 23] . In brief, subsamples (2 g) were weighed into 50 mL falcon tube followed by the addition of water (10 mL) and 93 lL of AA-D 3 (internal standard, 10 lg/mL). The sample containing falcon tube was shaken using Stuart tube rotator (Staffordshire, United Kingdom) for 1 h. Afterward, samples were centrifuged at 5000 rpm for 30 min by a centrifugation system, HERMLE model Z32 HK (Wehingen, Germany). For the precipitation of interfering materials in the sample matrix, a clear sample supernatant was taken into a new falcon tube and treated with 500 lL of Carrez I and II solutions, correspondingly. The treated samples were again centrifuged at 4000 rpm for 3 min. After that, an aliquot (3 mL) of the aqueous sample solution was filtered and loaded onto SPE cartridge (Strata TM -X-C polymeric strong cation) which was linked online with a vacuum manifold (Visiprep TM ). Subsequently, the SPE Strata TM -X-C column was eluted with 3 mL water and the obtained eluent was loaded onto Isolute Ò ENV? SPE column and eluted with a mixture of methanol and water at the ratio of 60:40, v/v (1 mL). The final sample extracts were tenderly evaporated to 400 lL by means of vacuum manifold (Visidry TM ) under nitrogen stream. Lastly, the samples were filtered through PTFE syringe filters (0.45 lm) and transferred into amber glass vials for UPLC-MS/MS analysis [25] .
The quantitation of acrylamide in food samples were performed by the isotope dilution technique (a procedure of quantifying the concentration of chemical substances in highly matrix samples). This technique comprises the adding of known amounts of isotopically-enriched substance to the unknown studied samples. This method supplies further precise outcomes because of an improvement of both extraction efficiency and alters in the machine response. In this work, AA-D 3 as the labeled substance was used to quantify the acrylamide in food samples. Analytes response curve was constructed of area response ratio for m/z, 55/58 (Table 1) vs the amount of acrylamide injected with a constant amount of AA-D 3 [22, 23] .
Instrumentation
In the current investigation, the acrylamide levels in a variety of heat-treated foods were quantitatively and qualitatively analyzed using Waters Acquity Ò UPLC technique equipped with a thermostat auto sampler and column compartment, quaternary pump and vacuum degasser (Milford, USA). The Waters Acquity Ò reversed phase BEH C 18 column of dimension 50 mm 9 2.1 mm i.d. and particle size, 1.7 lm was applied (Milford, USA) to acquire the separation of both acrylamide and AA-D 3 compounds. The optimal separation of acrylamide and AA-D 3 was accomplished in isocratic elution form by means of mobile phase, 0.1% of formic acid in Milli-Q water (89.90%) and methanol (10%). The mobile phase flow speed and sample injection volume was 0.3 mL/min and 0.005 mL, respectively [25] . So as to achieve highest instrumental sensitivity, at every twenty sample injections, the BEH C 18 column was wash with a mixture of water and methanol (50:50, v/v).
The UPLC device was equipped with electrospray ionization source (ESI) and Quattro Premier triple quadrupole mass analyzer (Micromass, Milford, USA). To acquire the utmost instrumental response regarding the analysis of acrylamide and AA-D 3 , the mass spectrometric system was operated in positive ionization mode and data were achieved multiple reaction monitoring (MRM) mode. The ESI source operational conditions were as follows: source temperature, 120°C; desolvation temperature, 350°C; desolvation gas flow rate, 600 L/h; cone gas flow rate, 60 L/h; capillary voltage, 3.5 kV and cone voltage, 48 V. For the purpose of cone and collision gases, nitrogen gas (purity [ 99.99%), produced by a Peak Scientific nitrogen generator, model NM30LA (Inchinnan, United Kingdom) and argon were applied, respectively. To provide the main vacuum to the MS device, an Oerlikon rotary pump, model SOGEVACSV40 BI (Cedex, France) was used. The MS/ MS parameters for example collision energy voltages, dwell times and, precursors and daughter ions linked to the selected transitions of acrylamide and AA-D 3 are illustrated in Table 1 . For the assessment of acrylamide and AA-D 3 , the most abundant daughter ions were selected nonetheless for the confirmation of acrylamide and AA-D 3 , the second-most abundant daughter ions were chosen. For the data acquisition, Waters MassLynx V4.1 software (Milford, USA) was used [25] .
Results and discussion
For the identification of acrylamide in heat-treated food products, the quality parameters for instance limit of detection (LOD), limit of quantification (LOQ), linearity and precisions (run-to-run and day-to-day) were studied. The LOD (signal-to-noise ratio, 3:1) and LOQ (signal-tonoise ratio, 10:1) were calculated and acquired 3 and 10 lg/L, respectively. Calibration curve based on the ratio of peak areas were built up and it was linear across the studied level ranged between 8 and 2000 lg/L and the correlation coefficients (R 2 ) was greater than 0.999. To establish the precisions (run-to-run and day-to-day), five replicates of a known amount of standard solution was analyzed on the same day for run-to-run precision and five replicates of same standard solution was injected over three following days for day-to-day precision. The achieved relative standard deviation values were lower than 4%. The achieved values have authenticated that the system can be applied effectively for the precise analysis of acrylamide.
Recovery procedure was established in each food sample using the procedure of standard addition. The known acrylamide standard was spiked to each food sample at a certain amount, which was very close to the obtained acrylamide concentration of the subsequent food samples. The total acrylamide concentrations were established for each food sample, and plotted against the added amounts of acrylamide. Through the linear regression analysis, the y intercept was determined, which demonstrate the incurred amount of acrylamide in the non-spiked food samples. Subtracting the incurred amount of acrylamide from the entire concentration of acrylamide illustrated the recovery of each food sample.
In this study, a total of sixty four food samples of diverse brands and origins were selected for the determination of acrylamide. About the levels of acrylamide in chips and French fries, onion rings and popcorn, a total of thirty four samples were analyzed. The achieved results have been demonstrated in Table 2 . The acrylamide was obtained in all of the studied samples and its levels ranged from 28 to 954 lg/kg, the utmost levels of acrylamide (954 lg/kg) were obtained in sample 7 (salted) while, sample 8 (labneh and mint) relatively formed low amounts (28 lg/kg). To demonstrate the results, the UPLC-MS/MS chromatogram of acrylamide (sample 7, salted) has been shown in Fig. 1 . It can be observed that the system provides excellent sensitivity and selectivity during acrylamide identification, while four MRM transitions were attained at the same time. As observed in the previous literatures [11, 12, 16, 22, 26, 27] , the highest amount of acrylamide in chips, French fries, popcorn and onion rings was obtained at 4215, 4653, 171 and 202 lg/kg, respectively. According to the EFSA, the minimum and maximum acrylamide concentrations for chips and French fries vary from 273 to 4804 lg/kg and 280 to 3380 lg/kg, respectively [11] . In addition, the European Union database [27] has also illustrated that the minimum and maximum acrylamide concentrations for chips and French fries vary from 5 to 4215 lg/kg and 5 to 4653 lg/kg, respectively. These values are found similar to those achieved in the present study. The concentration variations among analyzed samples might be due to the cooking temperature, time and method, kind of foods (amounts of asparagines and sugars), type of food additives, storage temperature of the raw foods that could influence the acrylamide level [26, 28] .
About nuts and dried fruits, nineteen samples have been studied for the acrylamide contents, results are presented in Table 3 . The food samples were thermally processed using either roasted or smoked cooking methods. The acrylamide was detected in all of the analyzed samples and its levels ranging from 2 to 93 lg/kg, the lowest amount acrylamide was detected in plain apricots (2 lg/kg) while the highest amount of acrylamide was detected in slated peanut of Indian origin (93 lg/kg). From the obtained results, it can also be observed that some samples processed using smoked cooking condition comparatively generate lower amount of acrylamide than those processed using roasted cooking method. These cause might be due to the smoked food was not directly in contact with heating source which favor the acrylamide formation. Previously, a limited study on the amounts of acrylamide in few food matrices (roasted hazelnut, almond, cashew and peanut) was reported by Olmez et al. [12] ; Bermudo et al. [23] ; De Paola et al. [29] and the concentration of acrylamide was detected between 10 and 313 lg/kg. The values obtained in present study were found in good agreement and fall in between previously detected acrylamide concentrations [12, 23, 29] . In pine nuts, walnuts and raisins, De Paola et al. [29] has reported that the acrylamide concentration was found below the limit of detection, whereas, Atwa et al. [30] have detected the acrylamide in pine nuts only and the concentration ranging from 144 to 1845 lg/kg. The acrylamide amounts in pine nuts, walnuts and raisins are completely differing with those obtained in earlier studies [29, 30] , however, they are under permissible limits as recommended by the WHO. We have detected the amount of acrylamide in pistachio at 72 lg/kg, however in some study the value goes up to 462 lg/kg [31] . About pecans and apricot, this is the first study relating to the analysis of acrylamide and the detected concentrations reached up to 79 lg/kg. The amount difference among analyzed samples might be due to the cooking temperature, time and method, kind of foods (amounts of asparagines and sugars), type of food additives, and storage temperature of the raw foods that could influence the acrylamide level [26] .
Relating to the acrylamide contents in biscuits, pastry, cacao, chocolate, olive, bread, cheese and, corn, oat and wheat flakes, a total of eleven food samples have been investigated, results are shown in Table 4 . The acrylamide has been detected in all of the analyzed samples and the concentrations were found in the range of 26-234 lg/kg. In biscuits, the levels of acrylamide were found at 234 lg/kg, these values were agreeable with acrylamide amounts found in earlier studies [12, 23, 32] . Relating to the pastry, the concentrations of acrylamide was detected at 72 lg/kg and found in good agreement with those values obtained in the earlier study with a minimum amount of 40 lg/kg and maximum amount of 248 lg/kg [21] . In cacao and chocolate, the acrylamide levels were achieved at 92 and 84 lg/kg, respectively. In both cases, the similar cooking methods were applied and found no great variations in their concentrations. In cacao, Al-Dmoor [33] has detected acrylamide levels at 1100 lg/kg which is very far from the amounts we obtained in the present study. These high amounts can be recognized to the extent of very bad cooking conditions (roasting) which proved to be valuable cause in acrylamide formation. In chocolate, Olmez et al. [12] have detected the amounts of acrylamide in the range of 37-100 lg/kg and found in concurrence with those values obtained in the present study. The olives are the Mediterranean product that can be eaten either as olive oil or as a whole after some treatment. Previously, various analyses were carried out by the FDA [17] and illustrated that the black olives offered comparatively higher amount of acrylamide. In the present study, two types of olive samples (green and black) have been analyzed and their concentrations reached between 32 and 97 lg/kg, correspondingly. Black olives contained the highest amount, although these amounts were usually lower than those presented in earlier investigations [17, 22, 32] . In cheese, the levels of acrylamide was obtained at 47 lg/kg which is lower than the amounts presented in the previous study [17] , where the minimum and maximum values ranging [12] , and data presented in the FDA [17] demonstrates that these food products contained relatively lower concentrations of acrylamide. Relating to the concentrations of acrylamide in toasted bread, in this study we achieved at 194 lg/kg. This amount is similar to those obtained in previous studies, Olmez et al. [12] has obtained the minimum and maximum levels of acrylamide in the range of 41-474 lg/kg, whereas Lineback et al. [32] have presented the lower and higher values acrylamide in the range of 25-1430 lg/kg. The concentrations variation among studied food samples might be due to the cooking temperature, time and method, and type of foods (amounts of asparagines and sugars), type of food additives and storage temperature of the raw foods that could influence the formation of acrylamide [26] . In all of the analyzed food samples, the excellent recovery rates were achieved between 95 and 99%. In summary, the amounts of acrylamide in sixty four food samples including potato chips, French fries, nuts, dried fruits, biscuits, pastry, cacao, chocolate, olive, bread, cheese and, corn, oat and wheat flakes of different brands and origins were investigated. The acrylamide amounts were obtained between 2 and 954 lg/kg. All studied food samples have demonstrated an important source of acrylamide. The chips (sample 7, salted) was found the most contaminated food and the concentrations reached up to 954 lg/kg, whereas chips (sample 8, labneh and mint,) has been found the low contaminated ones and the amounts reached up to 28 lg/kg. In French fries the acrylamide levels reached up to 367 lg/kg. In nuts, dried fruits and miscellaneous food products (biscuits, pastry, cacao, chocolate, olive, cheese, corn, oat and wheat flakes and bread samples), the amounts of acrylamide were found between 2 and 234 lg/kg. Comparatively, the nuts contained higher acrylamide amounts (12-93 lg/kg) than the dried fruits (2-5 lg/kg). Among miscellaneous food products, the biscuits contained the higher amounts of acrylamide and the concentrations reached up to 234 lg/ kg, while wheat flake contained the lower amounts of acrylamide (41 lg/kg). The variation of acrylamide in such type of carbohydrate-rich foods may caused due to the thermal treatment, the acrylamide formation mechanism revealed that the acrylamide generated at higher level, if foods are thermally processed for longer times at higher temperature. The outcomes disclosed that the acrylamide amounts of thermally treated food products demonstrate a big difference between diverse food group and brands. The obtained data can also be used in epidemiological investigation to estimate the acrylamide exposure from nutritional survey.
